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状 Co3O4。这些 Co3O4 的外形与沉淀前驱物 β-Co(OH)2 和 Co(OH)1.2 (CO3)0.4 的外形
直接相关。以氨水为沉淀剂，采用水（溶剂）热法可制备了尺寸均一的 Co3O4 纳
米结构（球形、立方体、棒状、八面体等）。水热反应温度、水热合成时间、水/
乙醇混合水热溶剂的组成、共存 NaNO3 和表面活性剂影响制备的 Co3O4 的形貌和
大小。在水热反应温度>150 oC 时，改变制备条件可以合成不同大小（6.2-100 nm）
的准立方体状 Co3O4。对比以上三种方法制备的 Co3O4 的催化性能发现，催化剂
的粒度和比表面积与催化剂的活性存在关联。溶剂热法制备的粒径为 6.2 nm 的立
方 Co3O4 催化剂具有 高催化活性。 
采用共沉淀法制备了Co3O4-CuO复合氧化物并研究其在富氢气氛下CO选择氧
化反应的催化性能。研究发现，经 350 oC 焙烧的 Co3O4-CuO (Co/Cu = 4/1)复合氧化
物表现出 佳的 CO 氧化催化性能，在 125 oC 时 CO 转化率可达 100%，O2选择性
约为 70%，显著优于单一氧化物 Co3O4和 CuO 的催化性能。此外，Co3O4-CuO 复
合氧化物的催化性能显著优于 Co3O4与其它过渡金属 M (M = Ce、Ni、Zn、Fe，Co/M 
= 4/1)氧化物形成的复合氧化物的催化性能。催化剂表征表明，含有少量 CuO 的
Co3O4-CuO 复合氧化物只有 Co3O4的晶相峰。与单一氧化物 Co3O4相比，其粒径减
小，且可在较低的温度下被 H2和 CO 还原。此外，Co3O4-CuO(Co/Cu = 4/1)复合氧
化物上的 CO 和 O2的吸附量显著增大。这些结果说明在 Co3O4-CuO 复合氧化物中
Co 与 Cu 之间存在较强相互作用，可能形成了 CuxCo3-xO4 固溶体。这种 Co 与 Cu
之间的强相互作用促进了催化剂在富氢气氛下 CO 选择氧化反应的催化性能。 
 
















In this dissertation, Co3O4 with different morphologies and sizes and Co3O4-CuO 
composite oxides were synthesized to study their catalytic performances for CO 
selective oxidation in H2-rich streams. The effect of Co3O4 samples’ morphologies and 
sizes on their catalytic activities was studied. Structure and catalytic performances of 
Co3O4-CuO composite oxides were also investigated.   
Three methods such as ammonia-precipitation & air-oxidation method (APO), 
urea-precipitation & air-oxidation method (UPO) and hydrothermal (solvothermal) 
method were utilized to synthesize Co3O4. Co3O4 plates and nano-rods were prepared 
respectively by APO method and UPO method, whose morphologies are consistent 
with the morphology of their precipitation precursors. Uniform Co3O4 nanostructure 
with morphologies of cube, sphere, rod, and octahedron were synthesized via 
hydrothermal (solvothermal) method using ammonia as precipitant. Preparation 
conditions like hydrothermal temperature and time, solvent composition, NaNO3 
coexisting in the solvent, surfactant were found to have important effects on the 
morphology and size of Co3O4 (6.2-100 nm). Comparison of catalytic performance of 
Co3O4 synthesized by above-three methods, we found that size and surface area of the 
catalyst had correlation with its catalytic performance.  
A series of Co3O4-CuO composite oxides were prepared by a co-precipitation 
method. For the CO selective oxidation in H2-rich gases, the Co3O4-CuO (Co/Cu = 4/1) 
composite oxide showed distinct higher catalytic activities than both Co3O4 and CuO, 
which exhibited better catalytic activities than several other Co3O4-based binary oxides 
including Co-Ce, Co-Ni, Co-Zn, and Co-Fe oxides as well. Results of characterization 
showed that only spinel structure of Co3O4 was confirmed for the Co3O4-CuO (Co/M = 
4/1 or 2/1) composite oxides, but the crystallite size of these composite oxides 
decreased evidently and they could be reduced at lower temperature either by H2 or CO 
compared with single Co3O4. CO and H2 adsorption amounts over the composite oxides 
were significantly higher than those over Co3O4. These results indicated a strong 
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